Clin  Orthop  Relat  Res  (2011)  469:1956-1961 
DOI  10.1007/sl  1999-01 1-1840-z 


SYMPOSIUM:  AAOS/ORS/AB JS  MUSCULOSKELETAL  HEALTHCARE  DISPARITIES  RESEARCH 
SYMPOSIUM 


Mortality  in  Female  War  Veterans  of  Operations  Enduring 
Freedom  and  Iraqi  Freedom 


Jessica  D.  Cross  MD,  Anthony  E.  Johnson  MD, 
Joseph  C.  Wenke  PhD,  Michael  J.  Bosse  MD, 
James  R.  Ficke  MD 


Published  online:  10  March  2011 
©  The  Association  of  Bone  and  Joint  Surgeons®  2011 

Abstract 

Background  Combat-wounded  service  members  are  sur¬ 
viving  battle  injuries  more  than  ever.  Given  different 
combat  roles  held  by  men  and  women,  female  service 
members  should  survive  wounds  at  an  unprecedented  rate. 
Questions/purposes  We  determined  whether  the  casualty 
rates  for  females  differ  from  their  male  counterparts  and 
characterized  wounds  sustained  by  female  casualties. 
Methods  We  calculated  the  percentage  of  the  5141  deaths 
among  the  40,531  casualties  by  gender  for  those  serving  in 
Operations  Enduring  Freedom  (OEF)  and  Iraqi  Freedom 
(OIF)  from  Defense  Manpower  Statistics  between  2001 
and  2009.  We  searched  the  Joint  Theatre  Trauma  Registry 
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for  female  casualties  and  described  their  injury  character¬ 
istics.  No  matched  cohort  of  male  casualties  was  searched. 
Results  Female  veterans  comprised  1.9%  of  all  casualties 
and  2.4%  of  all  deaths.  In  OIF,  the  percent  death  for  women 
was  14.5%  (103  deaths)  versus  12.0%  (4226  deaths)  for 
men.  In  OEF,  the  percent  death  for  women  was  35.9% 
(19  deaths)  versus  17.0%  (793  deaths)  for  men.  Battle- 
injured  females  had  a  greater  proportion  of  facial  and 
external  injuries  and  more  severe  extremity  injuries  com¬ 
pared  with  those  nonbattle-injured. 

Conclusions  The  casualty  death  rate  appears  higher  for 
women  than  men  although  the  mechanisms  of  fatal  injuries 
are  not  known  and  may  not  be  comparable.  Although 
facial,  external,  and  extremity  injuries  were  common 
among  battle-injured  females,  no  conclusion  can  be  made 
as  to  whether  male  casualties  sustain  similar  wounding 
patterns. 

Level  of  Evidence  Level  II,  prognostic  study.  See 
Guidelines  for  Authors  for  a  complete  description  of  levels 
of  evidence. 


Introduction 

Military  service  members  serving  in  the  current  US  Over¬ 
seas  Contingency  Operations  (OCO)  are  surviving  battle 
injuries  seen  during  wartime  at  higher  rates  than  all  previ¬ 
ous  conflicts;  the  overall  survival  rate  for  service  members 
injured  in  OCO  is  greater  than  90%  compared  with  80% 
injury  survival  in  World  War  II  and  85%  in  Vietnam  [12]. 
This  increased  injury  survival  rate  is  largely  attributed  to 
our  evolving  understanding  of  wounding  patterns  and  how 
best  to  treat  the  acutely  wounded  combat  casualty  [9,  10]. 
For  example,  improvements  in  body  armor  protect  against 
projectile  thoracoabdominal  injuries.  Highly  trained  combat 


Springer 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1 .  REPORT  DATE  2.  REPORT  TYPE 

01  JUL  2011  N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

Mortality  in  female  war  veterans  of  operations  enduring  freedom  and 

Iraqi  freedom 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Cross  J.  D.,  Johnson  A.  E.,  Wenke  J.  C.,  Bosse  M.  J.,  Ficke  J.  R., 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

United  States  Army  Institute  of  Surgical  Research,  JBSA  Fort  Sam 
Houston,  TX 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS (ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

\PSTP 

1 8 .  NUMBER  1 9a.  NAME  OF 

fTR  PAfTRQ  PPQPfYMQTPT  P  PPPQfYM 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE  jjjj 

unclassified  unclassified  unclassified 

6 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Volume  469,  Number  7,  July  2011 


Mortality  in  Female  Veterans  1957 


medics  are  deployed  closer  to  the  front  lines  of  battle  than 
ever  before  [5].  The  large  number  of  casualties  who  sustain 
extremity  injuries  now  benefit  from  improved  wound 
management  and  tourniquet  use  [14,  17].  Because  body- 
region  injury  distribution  for  those  injured  serving  in 
Operations  Enduring  Freedom  (OEF)  and  Iraqi  Freedom 
(OIF)  is  similar  to  previous  armed  conflicts,  these  inter¬ 
ventions  are  credited  with  improving  the  survival  rates  of 
service  members  on  the  front  lines  of  combat  [15]. 

Female  service  members  are  typically  excluded  from 
direct  action  combat  units;  however,  women  contribute 
substantially  to  the  war  effort  in  multiple  supporting  roles 
off  the  front  lines  [1].  Today  females  comprise  nearly  15% 
of  the  active-duty  military  population,  and  the  number  of 
female  war  veterans  has  increased  dramatically  over  time 
as  11.3%  of  veterans  from  OCO  are  female  [4,  19].  The 
improvements  in  combat  casualty  care  to  date  should  also 
benefit  service  members  serving  away  from  the  front  lines 
such  as  the  growing  number  of  females  in  the  military. 

There  is  increasing  evidence  that  response  to  war  differs 
in  men  versus  women  with  regard  to  posttraumatic  stress 
disorder,  depression,  and  other  mental  illness  [18]. 
Females’  response  to  the  acute  trauma  of  war  injury  may 
also  differ;  the  Centers  for  Disease  Control  and  Prevention 
reports  that  the  age-adjusted  injury  mortality  rate  after 
trauma  for  females  is  33.74  per  100,000  persons  versus 
85.46  per  100,000  persons  per  year  for  males  [3].  Animal 
models  of  trauma,  hemorrhage,  and  sepsis  demonstrate  a 
higher  survival  rate  and  lesser  propensity  to  infection  in 
females  versus  males  [6].  This  is  largely  attributed  to  the 
potential  protective  mechanism  of  estrogen  against 
inflammation  in  multiple  organ  systems  [7].  Although  the 
topic  is  debated,  civilian  trauma  literature  supports  that 
female  patients  do  exhibit  a  survival  advantage  over  males, 
largely  as  a  result  of  a  decreased  incidence  of  developing 
inpatient  complications  [8].  Given  the  potential  survival 
advantage  for  females  in  trauma,  one  may  assume  that 
female  warriors  who  sustain  combat  wounds  survive 
preferentially  compared  with  their  male  comrades.  To 
begin  addressing  this  assumption,  we  must  first  understand 
the  wounding  characteristics  and  mortality  rates  for  female 
service  members  serving  in  their  typical  combat  roles. 

We  therefore  determined  (1)  the  comparative  case 
fatality  rates  between  males  and  females  injured  serving  in 
OEF  and  OIF;  (2)  the  injury  distribution  for  females 


injured  or  killed  in  either  battle  or  nonbattle  injuries;  and 
(3)  the  injury  severity  for  females  injured  or  killed  in  either 
battle  or  nonbattle  injury. 

Patients  and  Methods 

This  observational  study  was  conducted  under  and  in 
accordance  with  a  protocol  approved  by  the  Brooke  Army 
Medical  Center  Institutional  Review  Board.  We  studied 
female  service  members  who  served  and  were  injured  in 
either  OEF  or  OIF  between  October  2001  and  October 
2009.  We  searched  Defense  Manpower  Data  Center — 
Data,  Analysis  and  Programs  Division’s  Casualties  Statis¬ 
tics  from  October  7,  2001,  to  October  1,  2009  [4].  The  OIF 
data  included  all  casualties  from  March  19,  2003,  to 
October  1,  2009.  The  OEF  data  included  all  casualties  from 
October  7,  2001,  to  September  5,  2009.  All  casualties, 
defined  as  any  person  who  is  lost  to  the  organization  by 
reasons  of  having  been  declared  dead,  missing,  captured, 
interned,  wounded,  injured,  or  seriously  ill,  were  tabulated 
and  analyzed  for  all  military  deaths  and  all  wounded  by 
gender  for  each  theater  of  operations  for  their  respective 
time  periods  (Table  1). 

We  then  searched  the  Joint  Theater  Trauma  Registry 
(JTTR,  US  Army  Institute  of  Surgical  Research  [ISR],  Fort 
Sam  Houston,  TX)  for  female  US  service  members  evac¬ 
uated  from  OEF  or  OIF  combat  theater  because  of  injury 
during  the  timeframe  specified  previously.  All  female 
casualties  were  included.  Male  service  members,  foreign 
nationals,  and  service  members  evacuated  as  a  result  of 
disease  rather  than  an  injury  were  excluded.  No  male 
comparison  group  was  established. 

Age,  military  rank,  number  of  wounds,  number  of 
operative  procedures  before  arrival  at  a  US  hospital,  status 
(alive  or  dead),  Injury  Severity  Scores  (ISS),  and  body- 
specific  ISS  were  collected  from  the  JTTR  on  each  subject. 
The  body- specific  ISS  scores  rate  the  severity  of  injury  to 
six  different  body  regions:  (1)  the  head,  neck,  and  cervical 
spine;  (2)  the  face;  (3)  the  chest  and  thoracic  spine;  (4)  the 
abdomen  and  lumbar  spine;  (5)  the  extremities  and  bony 
pelvis;  and  (6)  external  injuries  to  the  integument,  includ¬ 
ing  tissue  loss  and  bum.  Each  subject  was  divided  into 
those  who  sustained  a  battle  injury  and  those  who  sustained 
a  nonbattle  injury. 


Table  1.  Operation  Iraqi  Freedom  and  Operation  Enduring  Freedom  have  resulted  in  over  40,000  casualties,  765  of  which  are  female 


Operation 

Timeframe 

Deaths 

Wounded 

Total 

Iraqi  Freedom 

March  19,  2003,  to  October  1,  2009 

4329 

31,494 

35,823 

Enduring  Freedom 

October  7,  2001,  to  September  5,  2009 

812 

3896 

4708 

Total 

October  7,  2001,  to  October  1,  2009 

5141 

35,390 

40,531 
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JTTR  entries  are  consecutively  entered  into  the  Registry 
as  information  on  evacuated  casualties  is  received.  There¬ 
fore,  the  result  of  the  JTTR  query  represents  a  consecutive 
sample  of  female  casualties  for  the  previously  defined  time 
period  and  is  without  selection  bias.  For  each  data  point 
searched,  all  subjects  had  complete  information,  limiting 
information  bias.  A  casualty’s  entry  into  the  JTTR  is  lim¬ 
ited  by  the  man  hours  required  for  an  ISR  data  abstractor  to 
enter  the  information  into  the  Registry,  likely  explaining 
the  difference  in  the  Defense  Manpower  numbers  and  the 
JTTR  numbers  for  female  casualties;  however,  there  is  no 
selection  of  JTTR  entries  that  would  bias  results  because 
casualties  are  entered  into  the  Registry  in  consecutive  order 
as  they  are  received  by  the  ISR  personnel. 

The  Defense  Manpower  Data  indicated  40,531  total 
casualties,  765  of  which  were  female,  and  5141  total 
deaths,  122  of  which  were  female  (Table  2).  The  case 
fatality  rate  for  each  gender  was  calculated  by  dividing  the 
number  of  deaths  for  each  gender  by  the  sum  of  the  number 
of  deaths  and  the  number  of  nonfatally  wounded  (Table  3). 
The  case  fatality  rates  are  reported  as  percentages  for  the 
entire  conflict  and  for  OEF  and  OIF  separately. 

The  JTTR  search  resulted  in  504  female  casualties.  Each 
casualty  was  categorized  as  a  battle  injury  or  nonbattle 
injury.  We  determined  differences  in  mean  age  and  rank 
between  those  battle-injured  and  nonbattle-injured  using  a 
Mann- Whitney  test  because  these  data  are  nonparametric 
and  typically  skewed  toward  lower  ages  and  lower  ranks 
for  a  cohort  of  combat  wounded  [15].  Number  of  wounds 
and  number  of  operative  procedures  between  those 


Table  2.  The  proportion  of  female  deaths  is  higher  than  the 
proportion  of  female  casualties 


Operation 

Total  deaths 

Female  deaths 

Female  proportion 

OCO 

5141 

122 

2.4% 

OIF 

4329 

103 

2.4% 

OEF 

812 

19 

2.3% 

OCO  =  Overseas  Contingency  Operations;  OIF  =  Operation  Iraqi 
Freedom;  OEF  =  Operating  Enduring  Freedom. 


battle-  and  nonbattle-injured  were  compared  using  an 
unpaired  t-test  because  these  data  points  are  more  evenly 
distributed  in  this  large  sample.  We  compared  body  sites 
injured  (eg,  head  injury  versus  no  head  injury)  by  body- 
specific  ISS  designation  between  those  battle-injured  and 
nonbattle-injured  using  the  chi  square  method.  All  data 
were  analyzed  using  SAS  9.1  (SAS  Institute,  Inc,  Cary, 
NC)  software. 

Results 

The  case  fatality  rate  for  females  in  both  OEF  and  OIF  was 
higher  than  that  for  males  (Fig  1).  Female  service  members 
in  OEF  had  a  higher  (p  =  0.001)  case  fatality  rate  (35.9%) 
compared  with  male  service  members  (17.0%).  In  OIF,  the 
female  case  fatality  rate  (14.5%)  was  higher  (p  =  0.048) 
than  the  male  case  fatality  rate  (12.0%).  (Female  service 
members  comprised  1.9%  of  all  casualties  and  2.4%  of  all 
deaths.)  We  found  no  difference  (p  =  0.49)  in  the  per¬ 
centage  of  female  deaths  between  operations. 


■  Females  ■  Males 

Fig.  1  The  case  fatality  rate  for  females  appears  greater  than  for 
males  both  in  OIF  and  OEF.  OIF  =  Operation  Iraqi  Freedom; 
OEF  =  Operation  Enduring  Freedom. 


Table  3.  Casualties  grouped  according  to  battle  or  nonbattle  injury* 
Term  Definition 


Casualty 

Battle  injury 
Nonbattle  injury 
Case  fatality  rate 

Female  case  fatality  rate 


Any  person  declared  dead,  missing,  captured,  interned,  wounded,  injured,  or  seriously  ill  and  thus  lost 
to  the  organization 

Any  injury  sustained  as  a  result  of  combat  during  hostile  action  or  as  a  result  of  terrorist  activity 

Any  injury  sustained  resulting  from  a  circumstance  not  directly  attributable  to  hostile  action  or  terrorist  activity 
_ Total  deaths _ 

Tota  deaths  +  total  wounded 

_ Total  female  deaths _ 

Total  female  deaths  +  total  female  wounded 


:  For  all  wounded,  the  case  fatality  rates  were  calculated  and  compared  among  genders. 
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Table  4.  A  higher  number  of  individuals  were  nonbattle-injured  for  both  conflicts 


Cohort 

Number 

Mean  age 
(years) 

Median 

rank 

Number  of 
wounds 

Number  of  procedures  before 
evacuation  to  United  States 

Number  of  hospital  days  before 
evacuation  to  United  States 

Entire  cohort 

504 

27 

E4 

2.8 

2.8 

3.7 

Battle-injured 

199  (39%) 

26 

E4 

4.1 

3.7 

3.9 

Nonbattle-injured 

305  (61%) 

27 

E4 

1.9 

2.2 

3.5 

p  Value  (battle 

0.1696 

0.7493 

<  0.001 

<  0.001 

0.1045 

versus  nonbattle) 

Table  5.  A  greater  percentage  of  those  with  battle  injury  compared 
with  nonbattle  injury  sustained  facial  and  external  (skin)  injuries* 


Body-specific  ISS  region 

Battle-injured 

N  onb  attle-inj  ured 

Dead 

Head/neck/cervical  spine 

16% 

12% 

19% 

Face 

25% 

7% 

13% 

Chest,  thoracic  spine 

12% 

9% 

25% 

Abdomen,  lumbar  spine 

10% 

8% 

38% 

Extremities  +  pelvis 

61% 

72% 

69% 

External 

84% 

41% 

56% 

*  The  abdomen  and  chest  were  more  likely  to  be  injured  in  casualties 
who  died;  ISS  =  Injury  Severity  Score. 


One  hundred  ninety-nine  (39.5%)  females  were 
battle-injured  and  305  (60.5%)  were  injured  in  nonbattle 
circumstances.  The  average  age  (27  years;  range,  19-53 
years)  and  rank  (average,  E-4;  range,  El  to  0-4)  was  no 
different  between  battle-injured  and  nonbattle-injured 
(Table  4).  The  average  casualty  sustained  2.8  wounds; 
however,  casualties  with  battle  injuries  sustained  an  aver¬ 
age  of  2.2  more  wounds  (p  <  0.001)  than  those  with 
nonbattle  injuries.  Females  with  battle  injuries  had  a 
greater  (p  <  0.001)  proportion  of  face  (25%  versus  7%) 
and  external  injuries  (84%  versus  41%)  than  those  with 
nonbattle  injury. 

The  average  ISS  among  the  entire  cohort  was  7.8,  10.7 
with  battle  injuries  and  5.9  for  those  nonbattle-injured.  The 
extremity  body- specific  injury  severity  score  was  higher 
(p  <  0.001)  for  those  battle-injured  versus  those  nonbattle- 
injured  (2.7  versus  2.0).  Sixteen  female  casualties  were 
dead,  12  by  battle  injury  and  four  by  nonbattle  injury.  The 
average  ISS  for  these  16  was  24.5.  All  battle-deceased 
female  casualties  were  injured  in  an  explosion.  A  greater 
proportion  (p  =  0.005)  of  dead  female  warriors  had  an 
abdomen  body-specific  injury  score  (38%  versus  10%) 
compared  with  the  survivors  (Table  5). 

Discussion 

Service  members  injured  serving  in  OEF  and  OIF  are 
surviving  their  wounds  more  than  any  other  US  conflict  as 


a  result  of  advancements  available  to  those  serving  on  the 
front  lines  of  battle.  However,  female  service  members 
who  most  often  serve  in  support  roles  rather  than  front  line 
combat  may  not  benefit  from  these  advancements  like  male 
counterparts  who  comprise  infantry  and  armored  units.  The 
purpose  of  this  study  was  to  determine  if  the  female 
casualty  rate  in  our  current  conflicts  is  comparable  to  males 
and  to  describe  the  injury  locations  and  injury  severities  for 
female  service  members  who  survive  and  die  from  wounds. 

This  study  has  several  limitations.  First,  this  study 
simply  identified  differences  in  the  death  rate  of  men  ver¬ 
sus  women  without  characterizing  the  injuries,  cause  of 
death,  or  mechanisms  of  injury  for  all  of  the  dead.  This 
death  rate  includes  all  causes,  both  hostile  and  nonhostile, 
for  the  study  periods.  Although  the  data  collected  from 
JTTR  allow  a  cohort  of  females  to  be  critically  analyzed, 
this  cohort  cannot  be  assumed  to  represent  all  female 
casualties.  Second,  we  had  no  information  on  the  injury 
distribution  of  all  female  casualties  who  survive.  If  the 
reason  for  the  increased  deaths  in  female  casualties  was 
related  to  the  relatively  small  size  of  female  soldiers  as 
compared  with  their  male  counterparts,  then  it  would  be 
intuitive  that  female  casualties  will  have  sustained  more 
severe  injuries  as  compared  with  their  male  counterparts 
when  matched  by  period  and  theater  of  operations.  Third, 
we  do  not  have  a  matched  cohort  of  male  casualties  to 
compare  injury  mechanism,  distributions,  and  severities. 
We  therefore  cannot  assume  that  demographic  data  or  other 
confounders  do  not  influence  the  death  rates.  Fourth,  we 
are  unable  to  report  on  specific  job  descriptions  held  by  our 
cohort  of  females  to  study  the  link  between  the  job  and 
injury  characteristics. 

Despite  a  similar  prevalence  of  wounds  between  gen¬ 
ders,  we  found  female  service  members’  death  rates  while 
serving  in  the  combat  theater  appear  higher  than  males. 
This  finding  is  contrary  to  what  we  know  from  the  civilian 
trauma  literature  in  which  death  resulting  from  injury  is 
twice  as  frequent  in  males  versus  females  [3,  7,  8]. 
Although  animal  studies  and  some  human  literature  sup¬ 
port  that  estrogen  is  protective  in  light  of  traumatic  injury, 
differences  in  male  and  female  physiology  do  not  explain 
this  difference  in  death  rate  as  a  result  of  hostile  and 
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nonhostile  combat  wounds  [6,  8].  Exposure,  however,  may 
explain  this  difference.  Although  standard  protective 
equipment  is  offered  to  each  soldier  regardless  of  combat 
role,  such  armor  most  effectively  protects  against  direct  fire 
most  likely  encountered  by  all-male  combat  units.  Explo¬ 
sions  such  as  improvised  explosive  devices  (IEDs)  can 
occur  anywhere,  including  away  from  the  front  lines,  and 
cause  both  penetrating  injury  from  fragments  and  blunt 
injury  from  the  explosion  itself  [16].  Explosions  cause 
substantial  injury  and  females  in  support  roles  may  be  more 
likely  to  encounter  an  explosion  than  direct  fire.  Further¬ 
more,  if  explosions  are  causing  a  large  proportion  of  the 
injuries  sustained  by  females,  the  case  fatality  rate  for 
these  injuries  is  not  directly  comparable  to  single  gunshot 
wound  injuries  that  may  occur  during  direct  combat. 
Although  exposure  to  explosions  may  influence  the  death 
rate  in  females,  the  death  rate  for  males  injured  during 
explosions  is  likely  to  be  as  high  if  the  rates  are  controlled 
for  injury  mechanism. 

A  majority  of  our  cohort  sustained  nonbattle  injuries; 
however,  those  injured  in  battle  sustained  a  greater  average 
number  of  wounds.  The  proportion  of  nonbattle-injured 
female  casualties  in  this  cohort  was  higher  than  expected 
versus  Defense  Manpower  statistics,  which  demonstrate 
that  all  nonbattle  injures  in  both  conflicts  represent  53%  of 
injuries  compared  with  the  61%  seen  in  this  cohort  [4].  The 
increased  case  fatality  rate  cannot  be  explained  by  these 
proportions  of  typically  less  severe  nonbattle  injury.  Battle 
injuries  resulted  in  more  frequent  facial  and  external 
injuries.  Improved  body  armor  protects  the  chest  and 
abdomen;  however,  the  face  and  extremities  remain  vul¬ 
nerable  [10,  15].  The  external  injuries  indicate  lacerations, 
tissue  loss,  and/or  skin  burns,  all  injuries  typical  after 
explosions  [13].  Therefore,  females  appear  to  likely  endure 
explosions  as  their  main  battle  exposures. 

Females  battle-injured  had  more  severely  rated  extre¬ 
mity  injuries.  Extremity  injuries  are  the  most  common 
injuries  sustained  in  these  conflicts;  and  the  most  severe 
extremity  injuries  are  attributed  to  explosions,  further 
suggesting  females  experience  substantial  explosion  inju¬ 
ries  [2,  15].  Furthermore,  dead  female  casualties  had  a 
greater  proportion  with  abdominal  injuries  and  tended  to 
have  more  chest  injuries  than  their  counterparts  who  sur¬ 
vived.  This  is  not  counterintuitive  because  chest  and 
abdominal  trauma  is  typically  more  likely  to  be  lethal 
compared  with  extremity  injuries  [11].  For  all  females  who 
died,  explosion  was  the  cause  of  injury  again  confirming 
that  explosions  contribute  to  the  severe  nature  of  injuries 
experienced  by  females.  The  support  roles  occupied  by 
female  service  members  are  not  immune  to  explosion 
tactics  because  an  IED  may  be  found  anywhere  during 
combat  operations.  Males  injured  in  explosions  are  likely 
to  have  similarly  severe  injuries. 


Further  research  is  necessary  to  address  these  important 
questions  of  what  exposures  are  most  likely  to  cause  seri¬ 
ous  and  fatal  injuries  to  female  service  members.  If  the 
female’s  role  in  the  deployed  environment  exposes  her  to 
more  fatal  combat  injury  or  greater  incidence  of  nonbattle 
insult,  these  exposures  should  be  addressed.  These  efforts 
start  with  the  awareness  highlighted  in  this  study;  for 
whatever  reasons  our  female  service  members  appear  to  be 
dying  at  a  higher  rate  than  their  male  counterparts. 
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